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Abstract 

We study the effect of non-universal Z' boson in the decay modes B Ktt. In the standard 
model these modes receive dominant contributions from h ^ s QCD penguins. Therefore, in this 
limit one expects 5*^0^0 « sin 2/3, A^oj^o and A^o^- ~ A^+x-. The corrections due to the 
presence of small non-penguin contributions is found to yield S't^oxo > sin 2/3 and /S.Acp{Ki:) ~ 
2.5%. However, the measured value of S^oj^o is less than sin 2/3 and AAcpiKn) ~ 15%. We show 
the model with a non-universal Z' boson can successfully explain these anomalies. 
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The standard model (SM) of electroweak interaction is very successful in explaining the 
observed data so far, but still it is believed that there must exist some new physics beyond 
the SM, whose true nature is not yet well-known. Therefore, intensive search for physics 
beyond the SM is now being performed in various areas of particle physics. In this context 
the B system can also be used as a complementary probe. One of the important ways 
to look for new physics in the 6-sector is the analysis of rare B decay modes, which are 
induced by the flavor changing neutral currents (FCNCs), in particular b —>■ s transitions. 
Although, so far we have not been able to see any clear indication of physics beyond the 
SM in the currently running S-factories but there appears to be some kind of deviation 
in some 6 — > s penguin induced transitions i.e., the mixing induced CP asymmetries in 
many b sqq penguin dominated modes do not seem to agree with the SM expectations. 
The measured values in such modes follow the trend Ssqq < sin 2/5 whereas in the SM 
they are expected to be similar j^. In this context B Ktx decay modes, which receive 
dominant contributions from b ^ s mediated QCD penguins in the SM, provide an ideal 
testing ground to look for new physics. 

At present, there seems to be two possible hints of new physics in these modes. The first 
one is associated with the mixing induced CP asymmetry in B^ — > tt^K^ mode. The time 
dependent CP asymmetry in this mode is defined as 

^— = A^OK COS AMrft + S^OK sm(AMdt) , 1 

and in the pure QCD penguin limit one expects A^o^^ ^ and S^^ok^ ~ sin(2/3). Small 
non-penguin contributions do provide some corrections to these asymmetry parameters and 
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it has been shown in Refs. P, 15|, laj that these corrections generally tend to increase Sk^^o 
from its pure penguin limit of (sin 2/3) by a modest amount i.e., 5*^0 ~ 0.8. Recently, 
using isospin symmetry it has been shown in [3, 0] that the standard model favors a large 
^^0^^ ^ 0.99. 

However, the recent results from Belle and Babar [l^ are 

/l^o;^^ = 0.14 ±0.13 ±0.06, 5^0^^ = 0.67 ±0.31 ±0.08 (Belle) 

A^^Ks = -0.13 ± 0.13 ± 0.03, S^oK, = 0.55 ± 0.20 ± 0.03 (Babar) (2) 



with average 



A^o^^ = -0.01 ±0.10, 5^0;^^ = 0.57 ±0.17 , (3) 



where S.„ok^ is found to be smaller than the present world average value of sin 2/5 = 0.672 ± 
0.024 measured in 6 — > ccs transitions \l\ by nearly 1-sigma. 

This deviation which is opposite to the SM expectation, implies the presence of new 
physics in the —>■ K^tt^ decay amplitude. In the SM, this decay mode receives contri- 
butions from QCD penguin (P), electroweak penguin (Pew) and color suppressed tree (C) 
diagrams, which follow the hierarchical pattern P : Pew '■ C = 1 : X : A^, where A ~ 0.2257 
is the Wolfenstein expansion parameter. Thus, accepting the above discrepancy seriously 
one can see that the electroweak penguin sector is the best place to search for new physics. 

The second anomaly in the B Kit sector is associated with the direct CP asymmetry 
parameters of B^ n^K^ and that of the B^ ti^K^. The AAcp{Ktt) puzzle refers to 
the difference in direct CP asymmetries in B^ —>■ n^K^ and B^ —>■ -k^K' modes. These two 
modes receive similar dominating contributions from tree and QCD penguin diagrams and 
hence one would naively expect that these two channels will have similar direct CP asym- 
metries i.e., At^ok- ~ At^+k-- In the QCD factorization approach, the difference between 
these asymmetries is found to be 11 | 



AAcP = Ak-^o - Ak-^+ = (2.5 ± 1.5)% (4) 

whereas the corresponding experimental value is [l| 

AAcP = (14.8 ± 2.8)% , (5) 

which yields nearly Aa deviation. This constitutes what is called AAcpiKn) puzzle in the 
literature and is believed to be an indication of the existence of new physics. 

To account for these discrepancies between the observed and expected observables, here 
we consider the effect due to an extra f/(l)' gauge boson Z' as an illustration, which can 
provide additional contributions to the electroweak penguin sector. The existence of extra Z' 
boson is a feature of many models addressing physics beyond the SM, e.g., models based on 
extended gauge groups characterized by additional U{1) factors [12]. Also the new physics 
models which contain exotic fermions, predict the existence of additional gauge boson [3]. 
Flavor mixing can be induced at the tree level in the up- type and/or down- type quark sector 
after diagonalizing their mass matrices. 

Before incorporating the effect of extra Z' boson to the B Kit amplitudes, first we 
would like to briefly present the standard model results. In the SM, the relevant effective 



Hamiltonian describing the decay modes B — * ttK is given by 



n/SM _ 
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j=3 



Thus, one can obtain the transition amphtudes in the QCD factorization approach 



(6) 

Q 



as 
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4:,EW + 2^^'Fw) + n^KnO^S^EW 
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p=u,c 



p=u, c 



and 



(9) 



p=u, c 



where A„ = VpbV*, and 



ps 



Ak. = ^^MlFr^U . 



(10) 



The parameters a^'s and /3j's are related to the Wilson coefficients Q's and the corresponding 
expressions can be found in fl^ . 

Thus, one can symbolically represent this amplitude as 



A{B ttK) = XuAu + XcAc = XcA, 



1 + r a e 



«((5i-7) 



(11) 



where a = |Au/Ac|, —7 is the weak phase of Vub, r = \Au/Ac\, and 61 is the relative strong 
phases between A^ and A^. From the above amplitude, the CP averaged branching ratio, 
direct and mixing induced CP asymmetry (for neutral B meson case) parameters can be 
obtained as 



Br 

AnK 



87rM| 



|AcAc| (1 + (ra) + 2racos5i C0S7) , 



2r a sin 61 sin 7 



1 + (r ay + 2ra cos 61 cos 7 

sin 2(3 + 2ra cos 61 sin(2/5 + 7) + {raf sm{2(3 + 27) 
1 + {ray + 2ra cos 61 cos 7 



(12) 
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For numerical evaluation, we use input parameters as given in the S4 scenario of QCD 
factorization approach [l^. For the CKM matrix elements we use Vet = (41.5]'^}'5) x 10~^, 
iKsl = 0.97334 ± 0.00023, iKbl = (3.59 ± 0.16) x lO'^, |Ks| = 0.2257 ± 0.0010 Q and 
7 = (65 ± 10)°. The particle masses and life time of are taken from 15j. Since QCD 



factorization suffers from end-point divergences we have included 20% uncertainties in the 
branching ratio and 10 % uncertainties in the CP asymmetry parameters. With these inputs 
we show in Figure-1 the correlation plots between the branching ratio and 5*7^0;^^ (left panel) 
and between S.„ok^ and A^o^^ (right panel). From these figures it can be seen that the 
obtained value A^o^^ is in accordance with the SM expectation. However, although the SM 
result of S-j^ox^ lies within its observed \ — o range, but the branching ratio is well below 
the corresponding observed value. Hence the present situation is that, it appears difficult 
to accommodate simultaneously these three observables in the standard model. 




BrXIO" 



FIG. 1: Correlation plots between the mixing induced CP asymmetry 5^0;^^ and the CP averaged 
BR (left panel) and 5*^0;^^ and the direct CP asymmetry A^o^^ (right panel) for the T^^Kg 
in the Standard Model. The horizontal and vertical lines in both the figures represent the 1 — a 
allowed rages of the respective observables. 



Now we will consider the effect of the non-universal Z' boson on these decay modes 
B — i> 7iK. As discussed earlier, the FCNCs due to Z' exchange can be induced by mixing 
among the SM quarks and the exotic quark which have different Z' quantum numbers. Here 
we will consider the model in which the interaction between the Z' boson and fermions are 
flavor nonuniversal for left handed couplings and flavor diagonal for right handed couplings. 
The detailed description of the family nonuniversal Z' model with flavor changing neutral 



currents can be found in Ref. [12] • The search for the extra Z' boson occupies an important 



place in the experimental programs of the Fermilab Tevatron and CERN LHC 



19|. The 



implications of the FCNC mediated Z' boson effect has been extensively studied in the 



context of B physics 



13, 



18 
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The effective Hamiltonian describing the transition h 
mediated by the Z' boson is given by 17| 



sgg, where q = u,d for B tcK, 



n 



2Gf (g'Mz ^ i-r. 



1 



[{B^^ {qq)v-A + 55 [qqWA] , (13) 



where gi = e/ (sin 6w cos 6w), g' is the gauge coupling constant of the 11(1)' group and B^^^^"* 
denote the left (right) handed effective Z' couplings of the quarks i and j at the weak scale. 
The diagonal elements are real due to the hermiticity of the effective Hamiltonian but the 
off diagonal elements may contain effective weak phase. Therefore, both the terms in (fT3|) 
will have the same weak phase due to 

Since the structure of the effective Hamiltonian ( JT3ll in this model has the same form 
as that of the SM, the effect of Z' can be represented as a modification of the SM Wilson 

—2B^^^^ , so that the new 



coefficients of the corresponding operators. Assuming that Bui^^ - 

physics is primarily manifest in the EW penguins 17|, the resulting effective Hamiltonian 



at the M\Y scale is given as 



njZ' 
^eff 



(I 



4G, 



V2 \giMz 



(9) 



(14) 



where AC7 and ACg are the new Wilson coefficients arising due to the extra Z' boson 
contributing to the electroweak penguin sector given as 



AC7 



\giMz'J V VtbV* J \giMz' 
For convenience we can parameterize these coefficients as 



flMzY fB^,BZ 



(15) 



AC, = = -\^L\e 



i(j)s 



R 



-\U\e 



i(j>s 



(16) 



where 0^ is the weak phase associated with and the minus signs in the r.h.s appear 
because the weak phase of the CKM element Vts is n. 



After having an idea about the new electroweak penguin contributions at the Mz scale, we 



now evolve them to the h scale using renormalization group equation [2^. Using the values 
of these coefficients at h scale we obtain the new contribution to the transition amplitudes. 
These values can then be evolved to the m;, scale using the renormalization group equation 
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C{m,) = U^irrib, Mw, a) C{Mw), (17) 

where C is the 10x1 column vector of the Wilson coefficients and f/5 is the five flavor 10 x 10 
evolution matrix. The explicit forms of C{M]y) and U^{mh,Mw,a) are given in 



'221. 



Because of the RG evolution these three Wilson coefficients generate new set of Wilson 
coefficients ACi{i = 3, ■ ■ ■ , 10) at the low energy regime (i.e., at the nib scale) as presented 
in Table-1. 



AC3 


AC4 


AGs 


ACe 


0.05 a - 0.01 


-0.14 + 0.008 


0.029 a - 0.017 Cr 


-0.162 a + 0.01 ^R 


AC7 




ACg 


ACio 


0.036 a - 3.65 U 


0.01 a - 1-33 


-4.41 + 0.04 U 


0.99 - 0.005 ^R 



TABLE I: Values of the new Wilson coefficients at the rub scale. 



Thus one can obtain the new contribution to the transition amplitude 



V2A{B- 



and 



(18) 



(19) 



(20) 



where A'^^^'s are the corresponding SM amplitudes as given in Eqs. ([THH]) and Aa^'s and 
A/?j's are related to the new Wilson coefficients ACj's. Analogous to Eq. (ITT]) we can now 
represent the transition amplitude incorporating the new physics contribution as 

A{B TiK) = A^^'^ -\^A^ = \,A, \l + ra e'^^^-^^ - r'h e'^^''+^^\ (21) 



where for simplicity we have assumed = = C is the new physics contribution 
which contains the strong phase information, b = \Xt ^/Ac|, r' = \A^/Ac\, and 62 is the 
relative strong phases between and A^. Thus from the above amplitude one can obtain 
the CP averaged branching ratio, direct and mixing induced CP asymmetry parameters as 

\Pc.m\TB 



Br 



SttMI 



71 + 2ra cos 61 cos 7 — 2r'b cos 62 cos 0^ — 2rr'ab cos(52 — ^i) cos(7 + 



A 



ra sin 61 sin 7 + r'b sin 62 sin (ps + rr'ab sin(52 — Si) sin (7 + 



nK 



TZ + 2ra cos 5i cos 7 — 2r'b cos ^2 cos (ps — 2rr'ab cos((52 — 61) cos(7 + 0^) 



nK 



TZ + 2ra cos 61 cos 7 — 2r'6 cos 62 cos 0s — 2rr'ab cos(52 — ^i) cos(7 + 0^) 
where 7?- = 1 + (ra)^ + and 



(22) 



X = sin 2(3 + 2ra cos 61 sin(2/3 + 7) - 2r'6 cos 82 sin(2/? - 0^) + {raf sin(2/? + 27) 
+ {r'by sm{2P - 20,) - 2rr'a6cos(52 - ^i) sin(2/3 + 7 - 0,). (23) 

In order to see the effect of Z' boson, we have to know the values of the ^ or equivalently 
-Bfj, and B^^^^. Generally one expects g'/gi ~ 1, if both the U{1) g aug e g roups have the 



same origin from some grand unified theories. It has been shown in |17l . 
difference of Bs — Bs mixing and the CP asymmetry anomaly in i? - 



18( 1 that the mass 



(f)K^ TcK can be 



resolved if ~ l^fe^sl- Assuming the universality of first two generations one can 

obtain B^f ~ B^;^ and hence |^| ^ {Mz/Mz'f. The Z' mass is constraine d by direct 
searches at Fermilab, weak neutral current data and precision studies at LEP [23], which 
give a model dependent lower bound around 500 GeV. Here we consider more conservative 
limit as Mz' > 700 GeV, which gives the upper bound of the parameters |^| < 1.65 x 10~^. 
However, in this analysis we vary its value within the range (0.015 — 0.005), which is true for 
a TeV range Z' boson. For a heavy massive Z' boson (say M^' >1.5 TeV) the new physics 
contributions is found to be very small and it does not have much impact on the SM results. 

Now varying |^| in the range 0.005 < |.^| < 0.015, we show in Figure-2 the correlation 
plots between 5*7^0^-^ and the branching ratio (left panel) and St^ok, and A^^ok^ in the right 
panel. The allowed region in AAcp{Ktt) and |^| plane is shown in the figure-3. From 
these figures it can be seen that the branching ratio and the CP violating parameters in 
B^ — i> 71^ K'^ mode and the AAcp{K7t) puzzle can be simultaneously explained in the model 
with an extra Z' boson. 
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FIG. 2: Correlation Plots (a) between the mixing induced CP asymmetry S^oj^^ and the direct 
CP asymmetry A^o^^ (b) between CP averaged BR and S^o^^ for the T^^Kg in the model 

with an extra Z' boson. The horizontal and vertical lines represent 1-sigma experimental allowed 
ranges. 




0.006 0.008 0.01 0.012 0.014 



FIG. 3: The allowed region of the CP asymmetry difference {lS.Acp) in the {^Acp — |^|) plane. 
The horizontal lines correspond to the experimentally allowed 1 — a range. 

It is well known that strangeness changing charmless B decays, dominated by 6 ^ s 
penguin amplitudes, which arise in the SM at one-loop level, are highly sensitive to new 
physics effects. Possible existence of new physics in these modes is being intensively searched 
via the measurement of time dependent CP asymmetries of neutral B meson decays into 
final CP eigen states. Virtual new heavy particles with mass scale typically around a TeV 
range may affect the SM predictions Acp ~ and Sep ~ r/^p sin 2/5. Mixing induced CP 
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asymmetries measured in many b sqq modes give the trend Ssqq < sin 2/3. 

In this paper we have studied the B —>■ Ktc decay modes, which receive dominant contri- 
butions from b ^ s QCD penguins in the SM. In the SM its mixing induced CP violation 
parameter in K^tt^ is expected to be larger than that of sin 2/3, obtained from b ccs 

transitions and AAcp{Ktt) ^ 2.5%. However the observed value S^^ok^ is less than sin 2/5 
by nearly 1-sigma and AAcp{Ktt) deviates from its SM value by nearly 4 a. Also the SM 
predicted branching ratio in B^ n^K^ is found to be less than that of observed value. 
Since the final 7r° can materialize from a Z' boson, this decay mode is quite sensitive to 
electroweak penguin contributions. We have considered the effect of an extra non-universal 
Z' gauge boson which is expected to give significant contributions to electroweak penguin 
sector. We have shown that the observed anomalies in this mode could be successfully 
explained with a TeV range Z' boson. In future with improved statistics, this mode can 
provide an indirect hint for the existence of Z' boson. 
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